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(54) SELF-SUPPORTING AUTOMATIC VEHICLE

(57) The present invention provides a self-support-
ing vehicle capable of running in a self-supporting man-
ner while controlling an attitude of a vehicle body in ac-
cordance with a requirement of a driver who stays still
with respect to the vehicle body. When a two-wheeled
vehicle (1) makes a left turn or a right turn as shown in
Figs. 7, a vehicle body inclination sensor always detects
a vehicle body inclination amount which corresponds to
an acceleration at that time, an actuator generates a ro-
tation torque corresponding to a result of this detection,
a vehicle body (2) is inclined by a predetermined amount
using a gyro moment generated in a vehicle body atti-
tude control unit (6), an inclination direction of the vehi-
cle body (2) is always brought into coincidence with a
direction of a resultant force applied to the center of
gravity of the vehicle body, and the vehicle can make a
left turn while maintaining a balance between a moment
based on a current centrifugal force, a moment based
on the gravity and a gyro moment from the vehicle body
attitude control unit (6). What A driver of the vehicle
should do is only to stay still in the vehicle body (2) with-
out transferring his or her weight.
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Description

Field of the Invention

[0001] The present invention relates to a self-support-
ing vehicle which controls an attitude of a vehicle body
by a gyro mechanism, and more particularly, to a self-
supporting vehicle capable of running in a self-support-
ing manner while controlling an attitude of a vehicle body
only by a driver's handlebars operation especially when
making a right turn or a left turn.

Background Art

[0002] A driver of a bicycle or a two-wheeled vehicle
is compelled to maintain a running state by transferring
his or her weight by himself or herself in addition to the
operation of handlebars. Especially when driving the
two-wheeled vehicle which is heavier than the bicycle
on a curve at high speed, the driver is required to swiftly
and precisely operate the handlebars and transfer his
own height.
[0003] When the driver stops the vehicle to wait at traf-
fic lights at an intersection or the like, or when the run-
ning speed is reduced and the current running state can
not be maintained only by operating the handlebars or
transferring the weight, the driver is compelled to put his
or her feet on the ground to support the vehicle body in
order to prevent the vehicle body from falling or turning
over.

Disclosure of the Invention

Problem that this Invention is to solve

[0004] However, it is excessively strict to require all
drivers, especially a driver who drives a two-wheeled ve-
hicle on a curve at high speed, to drive the vehicle while
swiftly and appropriately operating handlebars and
transferring the weight because experience is required
and such a driving is attended with risk.
[0005] It is excessively strict to compel a driver to put
his or her feet on the ground to support the vehicle body
in order to prevent the vehicle body from falling, espe-
cially when the vehicle is a two-wheeled heavy vehicle
or when the driver is an elderly person or a woman.
[0006] It is an object of the present invention to pro-
vide a self-supporting vehicle capable of running in a
self-supporting manner while controlling an attitude of a
vehicle body in accordance with a requirement of a driv-
er who stays still with respect to the vehicle body.

Means for Solving the Problem

[0007] To achieve the above object, according to
claim 1 of the present invention, there is provided a self-
supporting vehicle comprising: a vehicle body attitude
control unit having a rotor turnably supported by a rotor

shaft, an inner gimbal for supporting the rotor shaft, and
an outer gimbal for supporting the inner gimbal such that
the inner gimbal can turn around an axis which is per-
pendicular to the rotor shaft; a steering direction detect-
ing sensor that detects a handlebar steering direction
when making a left or right turn, a vehicle body inclina-
tion amount detecting sensor that detects an inclination
amount of a vehicle body; a first support member for
turnably supporting one end of an outer gimbal shaft of
the outer gimbal on the vehicle body; a second support
member for turnably supporting the other end of the out-
er gimbal shaft of the outer gimbal on the vehicle body;
an actuator for applying, to the outer gimbal shaft, a ro-
tation torque corresponding to a detection signal of the
steering direction detecting sensor and the vehicle body
inclination amount detecting sensor; and a driving sec-
tion for supplying a rotation driving force to the rotor, the
driving section including a power source such as an in-
ternal combustion engine of a fuel cell.
[0008] Claim 2 of the present invention relates to a
more concrete structure of the vehicle body attitude con-
trol unit for such a self-supporting vehicle, and the ve-
hicle body attitude control unit comprises the rotor which
is turnably supported by the rotor shaft which is in par-
allel to the center-of-gravity direction of the vehicle body,
the inner gimbal which surrounds the rotor and supports
opposite ends of the rotor shaft and is provided with a
pair of inner gimbal shafts which are perpendicular to
the rotor shaft, and the outer gimbal which surrounds
the inner gimbal and turnably supports the inner gimbal
through the inner gimbal shafts, and an axis of the outer
gimbal is perpendicular to the rotor shaft and to the inner
gimbal shafts and is in parallel to an advancing direction
of the vehicle body.
[0009] In this self-supporting vehicle, when making a
left turn at a certain speed, if the driver gently or swiftly
turns the handlebars, the steering direction detecting
sensor detects the handlebar steering direction and the
steering angle, and the actuator applies a torque in the
right rotation direction as viewed from behind the vehicle
body to the outer gimbal shaft by the detection signal.
Then, the precession is generated in the vehicle body
attitude control unit by this torque, and a torque in the
left rotation direction, i.e., a gyro moment is generated
in this shaft. Thus, the vehicle body attitude control unit
maintains the horizontal state which is a state before the
driver turns the handlebars. On the other hand, this mo-
ment supplies a torque in the left rotation direction to the
vehicle body through the first support member and the
second support member, and the vehicle body inclines
to the left. As the vehicle body inclines, a moment which
tries to further incline the vehicle body to the left, and a
gyro mechanism from the vehicle body attitude control
unit 6 which tries to prevent this further inclination are
applied to the vehicle body and at the same time, a mo-
ment which tries to incline the vehicle body to the right
is also applied to the vehicle body by a centrifugal force
based on a centrifugal acceleration (acceleration in a
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direction perpendicular to the advancing direction of the
vehicle body).
[0010] The vehicle body inclination amount detecting
sensor always detects the vehicle body inclination
amount corresponding to the acceleration. The actuator
applies a torque having a rotation direction and magni-
tude corresponding to the detection signal to the vehicle
body attitude control unit. The gyro moment generated
in the vehicle body attitude control unit inclines the ve-
hicle body to a vehicle body inclination amount corre-
sponding to the acceleration so that the inclination angle
of the vehicle body is always brought into coincidence
with a direction of a resultant force (sum of the gravity
and centrifugal force) applied to the center of gravity of
the vehicle body.
[0011] That is, the self-supporting vehicle can make
a left turn in a state in which the inclination direction of
the vehicle body always coincides with the direction of
the resultant force applied to the center of gravity of the
vehicle body and while maintaining the balance be-
tween the moment based on the current centrifugal
force, the moment based on the gravity and the gyro
mechanism generated in the vehicle body attitude con-
trol unit based on the rotation of the actuator.
[0012] Thus, the driver who operates the handlebars
can make a left turn only by staying still with respect to
the vehicle body without transferring his or her weight.
[0013] The driver can also make a right only by stay-
ing still with respect to the vehicle body in the same man-
ner as that when making the left turn.
[0014] When the vehicle body tries to incline to the left
or right by some reason during the straight running, if a
torque in the left rotation direction or right rotation direc-
tion is applied to the vehicle body attitude control unit
through the first support member and the second sup-
port member, the vehicle body attitude control unit gen-
erates a gyro mechanism in the right rotation direction
or the left rotation direction balancing this torque, i.e., a
torque which tries to incline the vehicle body to the left
or right. Thus, when the vehicle body attitude control unit
generates the gyro mechanism, the inclination of the ve-
hicle body is prevented and the vehicle body can run
straightly while keeping the balance.
[0015] When the attitude of the vehicle body is to be
controlled, if an inertial force moment of the rotor around
the rotor shaft is defined as J and the angular speed is
defined as ω, the angular speed Ω of the precession
generated in the vehicle body attitude control unit equal
to T/Jω (T is a torque applied from outside). When the
inertial force moment J is great and the angular speed
ω is also great, the angular speed is extremely small.
Thus, only a small precession is generated in the vehicle
body attitude control unit with respect to the torque ap-
plied to the vehicle body attitude control unit from out-
side. On the other hand, a gyro mechanism balancing
the torque T (=J*∆ω)/∆t) is JωΩ. Thus, if the inertial force
moment J and the angular speed ω are increased, the
gyro mechanism is also increased and thus, it is possi-

ble to easily control the attitude of the vehicle body.
[0016] According to the self-supporting vehicle ac-
cording to claim 3 of the present invention, when a state
in which the vehicle body is inclined remains due to a
deviated load generated in the vehicle body and/or due
to a mechanical loss generated in the vehicle body atti-
tude control unit, in order to eliminate this inclination
state of the vehicle body, a balance weight provided on
the centroidal line of the vehicle body is moved to an
appropriate position of the vehicle body. With this, it is
possible to solve a problem that although the vehicle
runs straightly, the vehicle body remains inclined and a
problem that a difference in speed or turning radius is
generated when making a right turn and a left turn in the
inclination state of the vehicle body.
[0017] According to the self-supporting vehicle ac-
cording to claim 4 of the present invention, when the
self-supporting vehicle is a two-wheeled vehicle, the ve-
hicle further comprises a rotation number-detecting sen-
sor for detecting the number of rotations of the rotor; a
comparing/judging means for comparing and judging
the number of rotations detected by the rotation number-
detecting sensor with a predetermined number of rota-
tions with each other; and an auxiliary wheel advancing/
retracting unit for retracting auxiliary wheels disposed in
the vehicle body into the vehicle body and for advancing
the auxiliary wheels out from the vehicle body in accord-
ance with a judgment result of the comparing/judging
means.
[0018] Therefore, when the rotation number-detect-
ing sensor detects the number of rotations of the rotor
and the comparing/judging means compares the detect-
ed number of rotations and the predetermined number
of rotations and judges that the detected number of ro-
tations is smaller than the predetermined number of ro-
tations, the auxiliary wheel advancing/retracting unit al-
lows the auxiliary wheels to advance out from the vehi-
cle body to prevent the vehicle body from falling.
[0019] The predetermined number of rotations which
is reference of the judgment is determined while taking
into consideration the magnitude of the inertial force mo-
ment and the weight of the vehicle body, but in the actual
case, the predetermined number of rotations must be
determined by repeating tests using an actual vehicle
while taking the safety and reliability into consideration.
[0020] In a normal running state, the auxiliary wheels
are retracted into the vehicle body, but even when the
vehicle stops, if the number of rotations of the rotor is
equal to or greater than the predetermined number of
rotations, even if the vehicle body tries to incline to the
left or right by some reason, a gyro mechanism which
prevents this inclination is generated in the vehicle body
attitude control unit as in the straight running state.
Therefore, even if the auxiliary wheels remain retracted
into the vehicle body, the vehicle body does not fall.
Thus, the driver may stay still with respect to the vehicle
body.
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Effect of the Invention

[0021] According to the self-supporting vehicle of the
present invention, the vehicle can run in a self-support-
ing manner while controlling the attitude of the vehicle
body in accordance with a driver's requirement who
stays still with respect to the vehicle body. Therefore, it
becomes easy to drive the vehicle.
[0022] According to the self-supporting vehicle of the
invention, it is possible to solve a problem that an incli-
nation state of the vehicle body remains due to a devi-
ated load caused in the vehicle body and/or due to me-
chanical loss generated in the vehicle body attitude con-
trol unit. It is also possible to solve a problem that an
inclination state of the vehicle body remains even during
straight running.
[0023] According to the self-supporting vehicle of the
invention, when the self-supporting vehicle is a two-
wheeled vehicle, the vehicle can run in a self-supporting
manner in accordance with a requirement of a driver
who stays still with respect to the vehicle body, and the
driver is not compelled to support the vehicle body to
prevent the vehicle body from falling. Therefore, a bur-
den on the driver during driving is reduced.

Brief Description of the Drawings

[0024]

Fig. 1 is a schematic perspective view of a self-sup-
porting two-wheeled vehicle according to an em-
bodiment;
Fig. 2 is a partially sectional plan view of a section
of the vehicle which controls an attitude of the ve-
hicle body shown in Fig. 1;
Fig. 3 is a partially sectional side view of Fig. 2;
Fig. 4 shows a structure of the self-supporting two-
wheeled vehicle for comparing and judging the
number of rotations of a rotor of the vehicle;
Fig. 5 is a sectional view of a vehicle body inclination
sensor of the self-supporting two-wheeled vehicle;
Fig . 6 are diagrams for explaining a straight running
state and a stop state of the self-supporting two-
wheeled vehicle;
Fig . 7 are diagrams for explaining a light turn or a
right turn of the self-supporting two-wheeled vehi-
cle; and
Fig . 8 are diagrams for explaining a motion of an-
other self-supporting two-wheeled vehicle of the
embodiment.

Description of reference numerals

[0025]

1, 40 self-supporting two-wheeled vehicle
2 vehicle body
5 driving section

6 vehicle body attitude control unit
10 steering angle sensor (steering direction

detecting sensor)
11 vehicle body inclination sensor (vehicle

body inclination amount detecting sensor)
14 auxiliary wheels advancing/retracting unit
15 rotor
15a rotor shaft
16 inner gimbal
16a, 16b inner gimbal shaft
17 outer gimbal
17a one end (of outer gimbal shaft)
17b other end (of outer gimbal shaft)
18 magnet sensor (rotation number-detecting

sensor)
20 comparator (comparing/judging means)
21 first support member
22 actuator
23 second support member
41 balance weight

Best Mode for Carrying Out the Invention

[0026] One example of a self-supporting vehicle ac-
cording to an embodiment of the present invention will
be explained with reference to the drawings.
[0027] The present invention will be explained based
on a self-supporting two-wheeled vehicle. As shown in
Fig. 1, a vehicle body 2 of the self-supporting two-
wheeled vehicle 1 is supported by a front wheel 3 and
a rear wheel 4. Provided in the vehicle body 2 are a driv-
ing section 5 having a power source such as an internal
combustion engine or a fuel cell, a vehicle body attitude
control sensor 6 disposed at a center of the vehicle body
2 and connected to a front portion of the of the driving
section 5, a seat 8 for a driver 7 disposed at the center
of the vehicle body 2 and immediately above the vehicle
body attitude control sensor 6, handlebars 9 disposed
in front of the driver's seat 8 and used by the driver 7 for
making a left turn or a right turn, a steering angle sensor
(steering direction detecting sensor) 10 for detecting a
steering direction of the handlebars 9, and a vehicle
body inclination sensor (vehicle body inclination amount
detecting sensor) 11 for detecting an inclination amount
of the vehicle body 2.
[0028] The driving section 5 is provided with a drive
shaft 13 which transmits a power of the driving section
5 to the rear wheel 4 through a chain 12. The driving
section 5 is also provided auxiliary wheel advancing/ re-
tracting unit 14 for retracting a pair of auxiliary wheels
14a into the vehicle body 2 and advancing the wheels
14a out from the vehicle body 2.
[0029] As shown in Figs. 2 and 3, the vehicle body
attitude control unit 6 includes a rotor 15 which is turn-
ably supported by a rotor shaft 15a. The rotor shaft 15a
is in parallel to the center-of-gravity direction of the ve-
hicle body 2. The vehicle body attitude control unit 6 also
includes an inner gimbal 16 which surrounds the rotor
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15, and which supports opposite ends of the rotor shaft
15a, and which is provided with a pair of inner gimbal
shafts 16a and 16b arranged perpendicular to the rotor
shaft 15a. The vehicle body attitude control unit 6 also
includes an outer gimbal 17 which surrounds the inner
gimbal 16 and turnably supports the inner gimbal 16
through the inner gimbal shafts 16a and 16b. An axis of
the outer gimbal 17 is perpendicular to the rotor shaft
15a and the inner gimbal shafts 16a and 16b, and is in
parallel to the advancing direction of the vehicle body 2.
[0030] The vehicle body attitude control unit 6 is called
a vertical gyro having a so-called 2 degrees of freedom.
The rotor shaft 15a is adjusted such that the rotor shaft
15a is in parallel to the centroidal axis direction of the
vehicle body 2, i.e., such that the rotor shaft 15a is per-
pendicular to the road surface in a state where the ve-
hicle body 2 is not inclined, i.e., where the vehicle body
2 is perpendicular to the road surface.
[0031] The rotor 15 is rotatably supported by the rotor
shaft 15a. The rotor 15 is rotated by a battery (not
shown) of the driving section 5 as a driving source. The
rotor shaft 15a serving as a stator and the rotor 15 serv-
ing as a rotor formed outside the rotor shaft 15a consti-
tute a so-called outer rotor type motor.
[0032] The method for rotating the rotor 15 is not lim-
ited to the above-described electrical method, and it
may be a mechanical method using a belt or chain.
[0033] As shown in Fig. 4, a magnet sensor (rotation
number-detecting sensor) 18 comprising a coil or a
magnetic resistance element is disposed in the vicinity
of the rotor 15. Magnetic mediums 19 are disposed
around the outer periphery of the rotor 15 at equal dis-
tances from one another. The magnet sensor 18 is con-
nected to a comparator (comparing/judging unit) 20.
Thus, if the magnet sensor 18 detects magnetic flux var-
iation caused when the rotor 15 rotates, the rotation
number of the rotor 15 is detected, and the comparator
20 can compare and judge the detected rotation number
with predetermined rotation number. Based on the judg-
ment result, the auxiliary wheel advancing/retracting
unit 14 can allow the auxiliary wheels 14a to retract into
the vehicle body 2 or to advance out from the vehicle
body 2.
[0034] The sensor for detecting the rotation number
of the rotor 15 is not limited to the magnetic encoder,
and the sensor may be an optical encoder, a rotary po-
tentiometer, a tachometer generator or the like, of
course.
[0035] As shown in Figs. 2 and 3, in the vehicle body
attitude control unit 6, one end 17a of an outer gimbal
shaft is turnably supported by a first support member 21
with respect to the vehicle body 2. In this embodiment,
the other end 17b of the outer gimbal shaft is connected
to a rotor of an actuator 22 of the driving section 5, and
a stator of the actuator 22 is supported by a second sup-
port member 23. Thus, the other end 17b of the outer
gimbal shaft is turnably supported by the second sup-
port member 23 with respect to the vehicle body 2. The

first support member 21 and the second support mem-
ber 23 are fixed to the vehicle body 2.
[0036] The actuator 22 supplies rotation torque based
on a control signal from the steering angle sensor 10 or
the later-described vehicle body inclination sensor 11 to
the outer gimbal shaft. If the actuator 22 can supplies
the rotation torque to the outer gimbal shaft, the actuator
22 may be any of electric actuator, hydraulic actuator
and air pressure actuator, of course.
[0037] Although the vehicle body attitude control unit
6 is disposed immediately in front of the driving section
5 in this embodiment, the position of the vehicle body
attitude control unit 6 is not limited to this, and the unit
6 may be disposed in any place only if handling comfort,
safety of the vehicle and safety of a driver 7 of the rotor
15 which rotates at high speed can be secured. A plu-
rality of vehicle body attitude control units 6 may be dis-
posed in series.
[0038] As shown in Fig. 5, the vehicle body inclination
sensor 11 includes a pendulum 25 attached to an upper
surface of the case 24 such that the pendulum 25 can
rock, a coil 26 fixed to a lower portion of the pendulum
25, a yoke 27 fixed to a side surface of the case 24, and
a magnet 28 disposed on the yoke 27 such that the mag-
net 28 magnetically engages with the coil 26. The vehi-
cle body inclination sensor 11 also includes a displace-
ment detector 29 having magnetic elements which are
opposed to a lowermost end of the pendulum 25, a servo
amplifier 30 having an input side connected to the dis-
placement detector 29 and an output side connected to
the coil 26, and a reading resistor 31 for taking out cur-
rent flowing through the coil 26 as output voltage.
[0039] In the vehicle body inclination sensor 11, when
making a left or right turn, if acceleration in a direction
A or B is applied to the vehicle body 2, the pendulum 25
tries to move in the opposite direction by an inertial
force. This movement is detected by the displacement
detector 29, current is allowed to flow through the coil
26 by a detection signal to return the pendulum 25 to its
original position, thereby bringing this movement and a
force of the acceleration into balance, and the current
at that time is taken out as the output voltage through
the reading resistor 31. This taken out output voltage is
proportional to the magnitude of the acceleration, and
the inclination amount of the pendulum 25 (=inclination
amount of the vehicle body 2) is also proportional to the
magnitude of the acceleration. Therefore, it is possible,
by this output voltage, to detect the vehicle body incli-
nation amount which corresponds to acceleration for in-
clining the vehicle body 2.
[0040] Although the rocking type acceleration sensor
is used as the vehicle body inclination sensor 11 in this
embodiment, the sensor 11 may be a strain gage using
a silicon semiconductor of course.
[0041] The steering angle sensor 10 may be an elec-
tromagnetic or optical ptoelectric sensor, or a semicon-
ductor sensor using a Hall element, only if the sensor
can detect the steering direction and the steering angle
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of the handlebars 9 which are operated when the driver
7 makes a left or right turn.
[0042] The mechanism of the auxiliary wheel advanc-
ing/retracting unit 14 is not especially limited only if the
unit 14 can retract the pair of auxiliary wheels 14a into
the vehicle body 2 and advance the wheels out from the
vehicle body 2. In this embodiment, as shown in Fig. 1,
a caster 14c having the auxiliary wheel 14a is connected
to an arm 14b extending from the driving section 5, and
the auxiliary wheel 14a is retracted into the vehicle body
2 or advanced out from the vehicle body 2 by rotating
the arm 14b.
[0043] Next, operation of the self-supporting two-
wheeled vehicle 1 having the above-described structure
will be explained with reference to Figs. 6 and 7. The
self-supporting two-wheeled vehicle 1 has the same
function and performance as those of the conventional
two-wheeled vehicle and can run in the same manner.
Here, only straight running and left or right turning of the
vehicle 1 will be explained.
[0044] First, the operation or action from the start to
the stop of the two-wheeled vehicle 1 through the
straight running will be explained.
[0045] When the vehicle stops, as shown in Fig. 6(A),
the auxiliary wheels 14a advance out from the vehicle
body 2 and come into contact with the road surface to
prevent the vehicle body 2 from falling.
[0046] Then, the driver 7 seats on the driver's seat 8
and grasps the handlebars 9, and starts the driving sec-
tion 5 by a starter or the like, and the rotor 15 starts ro-
tating. The magnet sensor 18 detects the rotation
number of the rotor 15. The comparator 20 compares
this rotation number with the predetermined rotation
number and if the comparator 20 judges that the detect-
ed rotation number is greater than the predetermined
rotation number, the auxiliary wheel advancing/retract-
ing unit 14 retracts the auxiliary wheels 14a into the ve-
hicle body 2, and the two-wheeled vehicle 1 is brought
into a state shown in Fig. 6(B) while maintaining a so-
called idling state.
[0047] Even in this idling state, if the rotation number
of the rotor 15 is greater than the predetermined rotation
number, the vehicle body 2 tries to incline to the left or
right, and a torque (external force) in a left rotating di-
rection or in a right rotation direction is applied to the
vehicle body attitude control unit 6 through the first sup-
port member 21 and the second support member 23. If
this torque is applied, a gyro moment in the right rotation
direction or the left rotation direction balancing this
torque, i.e., a torque inclining the vehicle body 2 to the
left or right is generated. Therefore, the vehicle body 2
is prevented from being inclined, and even if the auxil-
iary wheels 14a remain retracted in the vehicle body 2,
the vehicle body 2 does not fall. What the driver 7 must
to do is only to seat on the driver's seat 8 and grasp the
handlebars 9.
[0048] The vehicle body inclination sensor 11 always
detects the vehicle body inclination amount. If a balance

between a moment based on the external force and a
gyro moment from the vehicle body attitude control unit
6 (also including a moment based on the gravity applied
to the vehicle body 2) is lost, the vehicle body inclination
sensor 11 provides the actuator 22 with rotation instruc-
tions in a predetermined direction, increases or reduces
the gyro moment generated in the vehicle body attitude
control unit 6 so that the vehicle body 2 is not inclined
to the left nor right and the perpendicular or vertical state
of the vehicle body 2 with respect the road surface is
maintained.
[0049] From such a state, the driver 7 can drive the
vehicle straightly by operating a clutch or the like in the
same manner as that of the conventional two-wheeled
vehicle.
[0050] Even if the vehicle body 2 inclines to left or right
during the straight running, since the gyro moment
which prevents the vehicle body 2 from being inclined
to the left or right is generated in the vehicle body atti-
tude control unit 6 as in the same manner as described
above, the driver 7 needs not transfer his or her weight
and may stay still to the vehicle body 2. In such a case
also, the vehicle body inclination sensor 11 always de-
tects the vehicle body inclination amount, and if the bal-
ance between the moments is lost, the vehicle body in-
clination sensor 11 increases or reduces the gyro mo-
ment to maintain the vehicle body 2 in the perpendicular
state with respect to the road surface.
[0051] Next, the left and right turning operations of the
two-wheeled vehicle 1 will be explained with reference
to Figs. 7.
[0052] Fig. 7(A) shows the vehicle body when making
a left turn as viewed from behind, and Fig. 7(B) shows
the vehicle body when making a right turn as viewed
from behind.
[0053] When the two-wheeled vehicle 1 makes a left
turn, if the driver 7 gently or abruptly turns the handle-
bars 9 to the left, the steering angle sensor 10 detects
the steering direction and the steering angle of the han-
dlebars 9, the actuator 22 applies a torque in the right
rotation direction as viewed from behind the vehicle
body 2 to the one end 17a and the other end 17b of the
outer gimbal shaft by the detection signal. Then, preces-
sion is generated in the vehicle body attitude control unit
6 by this torque, a torque in the left rotation direction, i.
e., the gyro moment is generated in the shaft. Therefore,
the vehicle body attitude control unit 6 maintains a hor-
izontal state which is a state before turning the handle-
bars 9. On the other hand, by this moment, a torque in
the left rotation direction is applied to the vehicle body
2 through the first support member 21 and the second
support member 23, and the vehicle body 2 is inclined
to the left. As the vehicle body 2 inclines in this manner,
a moment which tries to further incline the vehicle body
2 to the left by the gravity, and a gyro moment from the
vehicle body attitude control unit 6 which tries to prevent
the further inclination are supplied to the vehicle body
2, and a moment which tries to incline the vehicle body
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to the right by a centrifugal force based on the centrifugal
acceleration, i.e., a moment which tries to prevent the
inclination of the vehicle body 2 is applied to the vehicle
body 2.
[0054] The vehicle body inclination sensor 11 always
detects the vehicle body inclination amount which cor-
responds to the acceleration, and the actuator 22 gen-
erates a torque having a rotation direction and magni-
tude corresponding to the detection signal. When the
vehicle body inclination amount corresponding to the
current acceleration is not sufficient for example, if the
vehicle body inclination sensor 11 provides the actuator
22 with predetermined rotation instructions, a torque in
the left rotation direction is applied to the vehicle body
2 based on the gyro moment generated in the vehicle
body attitude control unit 6, and the vehicle body 2 in-
clines by a vehicle body inclination amount correspond-
ing to this acceleration. The two-wheeled vehicle 1
makes a left turn while maintaining the balance between
a moment based on the centrifugal force of at that time,
a moment based on the gravity and a gyro moment from
the vehicle body attitude control unit 6 (Fig. 7(A)).
[0055] If the driver 7 further turns the handlebars 9 to
the left, the steering angle sensor 10 detects this oper-
ation, a gyro moment corresponding to the increased
torque from the actuator 22 is generated in the vehicle
body attitude control unit 6, and the vehicle body 2 fur-
ther inclines to the left based on this moment. If the ve-
hicle body inclination amount corresponding to the ac-
celeration of that time is excessively great, a gyro mo-
ment corresponding to a reduced torque from the actu-
ator 22 is generated, and the vehicle body 2 rotates to
the right so as to correspond to the current acceleration
based on this moment, thereby correcting the vehicle
body inclination amount.
[0056] In the two-wheeled vehicle 1, the vehicle body
inclination sensor 11 always detects the vehicle body
inclination amount corresponding to the current accel-
eration, and a rotation torque corresponding to the de-
tection result is generated from the actuator 22, the ve-
hicle body 2 is inclined by a predetermined amount by
the gyro moment generated in the vehicle body attitude
control unit 6, the inclination direction of the vehicle body
2 is brought into coincidence with a direction of a result-
ant force applied to the center of gravity of the vehicle
body, the vehicle can make a left turn while maintaining
the balance between a moment based on the centrifugal
force of at that time, a moment based on the gravity and
a gyro moment from the vehicle body attitude control
unit 6. Thus, the driver 7 may only stay still in the vehicle
body 2 without transferring his or her weight.
[0057] When the vehicle makes a right turn, the vehi-
cle body attitude is controlled in the same manner as
that required when making the left turn. Thus, the vehi-
cle body 2 is inclined to the right as viewed from behind
(Fig. 7(B)), and the driver 7 may only stay still in the ve-
hicle body 2 without transferring his or her weight.
[0058] Here, the resultant force applied to the center

of gravity of the vehicle body is a resultant force of the
centrifugal force caused by the centrifugal acceleration
and the gravity applied to the center of gravity of the
vehicle body.
[0059] When the vehicle body 2 runs straightly for ex-
ample, even if the vehicle body 2 inclines to the left or
the right, the vehicle body attitude control unit 6 gener-
ates the gyro moment which prevents this. Thus, the ve-
hicle body 2 can run straightly while maintaining the per-
pendicular state with respect to the road surface as de-
scribed above. However, when a deviated load W keeps
applying to the vehicle body 2 as shown in Fig. 8(A),
there is caused a problem that even if the vehicle runs
straightly, the vehicle remains inclined. Thus, it is nec-
essary to solve this problem. One example of this solv-
ing method of this problem will be explained with refer-
ence to Figs. 8(A) to (C) using a self-supporting two-
wheeled vehicle 40 having a balance weight 41. Figs. 8
show the vehicle body as viewed from behind.
[0060] When the vehicle body 2 runs straightly, if the
deviated load W is applied to a left end of the vehicle
body 2 and the vehicle body 2 inclines to the left, a gyro
moment in the right rotation direction balancing this
torque, i.e., a torque which tries to incline the vehicle
body 2 to the right is generated, and unbalance gener-
ated by a moment based on the deviated load W (also
including a moment based on the gravity applied to the
vehicle body 2) is canceled. At that time, since the un-
balance is canceled, the vehicle body 2 inclines to the
right as shown in Fig. 8(B). However, it is unnatural to
run straightly in this rightward inclining state. Thus,
when the inclination amount remains in the vehicle body
2, i.e., when the vehicle body 2 remains inclined to the
right in this embodiment, in order to bring the vehicle
body 2 perpendicular to the road surface, the balance
weight 41 provided on the centroidal line of the vehicle
body 2 is moved to a right end of the vehicle body 2 by
a ball screw mechanism 42 for example as shown in Fig.
8(C), a torque which tries to incline the vehicle body 2
to the left is generated in the vehicle body attitude con-
trol unit 6, thereby allowing the vehicle body 2 to main-
tain the perpendicular state to the road surface. With
this, it is possible to solve the problem that although the
vehicle runs straightly, the vehicle body 2 remains in-
clined. The mechanism for moving the balance weight
41 is not limited to the ball screw mechanism 42 as in
this embodiment, and the balance weight 41 may be
moved like a pendulum.
[0061] The balance weight 41 before it moves is lo-
cated on the centroidal line of the vehicle body 2 in the
state where the vehicle body 2 is perpendicular to the
road surface as shown in Figs. 8(A) and (B).
[0062] When the vehicle body 2 runs straightly, even
if the vehicle body 2 inclines to the left or the right, the
vehicle body attitude control unit 6 generates the gyro
moment which prevents this. Thus, the vehicle body 2
can run straightly while maintaining the perpendicular
state with respect to the road surface, but due to a me-
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chanical loss generated in the vehicle body attitude con-
trol unit 6, there is cause, in some cases, a problem that
the inclination amount remains in the vehicle body 2 or
the inclination amount is gradually increased. Thus,
such a problem must be solved. As one method for solv-
ing the problem, the balance weight 41 may be moved
by the ball screw mechanism 42.
[0063] That is, if the vehicle body 2 tries to incline to
the left or the right and a torque (external force) in the
left rotation direction or the right rotation direction is ap-
plied to the vehicle body attitude control unit 6, a gyro
moment in the right rotation direction or the left rotation
direction balancing this torque, i.e., a torque for inclining
the vehicle body 2 to the right or left is generated in the
vehicle body attitude control unit 6. The vehicle body in-
clination sensor 11 always detects the vehicle body in-
clination amount, and when the balance between these
torques is lost, since the gyro moment generated in the
vehicle body attitude control unit 6 is increased or re-
duced, the vehicle body 2 is maintained in the perpen-
dicular state with respect to the road surface. However,
when the inclination of the vehicle body is not corrected
and the inclination amount remains due to the mechan-
ical loss of the vehicle body attitude control unit 6 or the
inclination amount is gradually increased in one direc-
tion, the vehicle body 2 is inclined as shown in Fig. 8(B)
for example. It is unnatural for the vehicle to run straight-
ly in this state. Thus, in order to bring the vehicle body
2 perpendicular to the road surface, the balance weight
41 provided on the centroidal line of the vehicle body 2
is moved to an appropriate position of the vehicle body
2 by the ball screw mechanism 42, thereby maintaining
the vehicle body 2 in the perpendicular state with re-
spect to the road surface. With this, it is possible to solve
the problem that although the vehicle runs straightly, the
vehicle body 2 remains inclined.
[0064] As described above, if a rotation torque T is
applied to the vehicle body attitude control unit 6 by the
actuator 22, the vehicle body attitude control unit 6 gen-
erates a gyro moment balancing this rotation torque T.
In this case, the angular speed Ω of the precession gen-
erated in the vehicle body attitude control unit 6 can be
found by an equation of Ω=T/Jω (wherein J is an inertial
force moment of the rotor 15 around the rotor shaft 15a,
and ω is the angular speed), if the inertial force J is great
and the angular speed ω is great, the angular speed Ω
is extremely small. In such a case, the vehicle body at-
titude control unit 6 is not inclined almost at all, and the
vehicle body can maintain its perpendicular state with
respect to the road surface. Since the gyro moment can
be obtained by the JωΩ, the gyro moment is extremely
great, and it is possible to easily control the attitude of
the vehicle body 2 .
[0065] The vehicle body of the conventional two-
wheeled vehicle is not provided with a side member of
roof for protecting the driver from wind and rain. If the
two-wheeled vehicle 1 is provided with a side member
2a and a roof 2b as shown in Fig. 1, habitability for the

driver 7 is enhanced. Two people can ride on the two-
wheeled vehicle 1 like the conventional two-wheeled ve-
hicle.
[0066] Although the self-supporting vehicle has been
explained based on the self-supporting two-wheeled ve-
hicle in this embodiment, the vehicle may be a three-
wheeler having two rear wheels.

Industrial Applicability

[0067] The self-supporting vehicle can run in the self-
supporting manner while controlling the attitude of the
vehicle body in accordance with requirement of a driver
who stays still with respect to the vehicle body. There-
fore, any one can drive the vehicle without depending
upon a driving technique of the driver. When the self-
supporting vehicle is a two-wheeled vehicle having two
wheels, the vehicle can run in the self-supporting man-
ner and in addition, the driver is not compelled to support
the vehicle body for preventing the vehicle body from
falling. Thus, a burden on the driver at the time of driving
of the vehicle is reduced, and this vehicle is preferable
especially when the driver is an elderly person, a woman
or a disabled person.

Claims

1. A self-supporting vehicle comprising:

a vehicle body attitude control unit having a ro-
tor turnably supported by a rotor shaft, an inner
gimbal for supporting the rotor shaft, and an
outer gimbal for supporting the inner gimbal
such that the inner gimbal can turn around an
axis which is perpendicular to the rotor shaft;
a steering direction detecting sensor that de-
tects a handlebar steering direction when mak-
ing a left or right turn,
a vehicle body inclination amount detecting
sensor that detects an inclination amount of a
vehicle body;
a first support member for turnably supporting
one end of an outer gimbal shaft of the outer
gimbal on the vehicle body;
a second support member for turnably support-
ing the other end of the outer gimbal shaft of
the outer gimbal on the vehicle body;
an actuator for applying, to the outer gimbal
shaft, a rotation torque corresponding to a de-
tection signal of the steering direction detecting
sensor and the vehicle body inclination amount
detecting sensor; and
a driving section for supplying a rotation driving
force to the rotor.

2. The self-supporting vehicle according to claim 1,
wherein the vehicle body attitude control unit com-
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prises the rotor which is turnably supported by the
rotor shaft which is in parallel to the center-of-grav-
ity direction of the vehicle body, the inner gimbal
which surrounds the rotor and supports opposite
ends of the rotor shaft and is provided with a pair of
inner gimbal shafts which are perpendicular to the
rotor shaft, and the outer gimbal which surrounds
the inner gimbal and turnably supports the inner
gimbal through the inner gimbal shafts, and an axis
of the outer gimbal is perpendicular to the rotor shaft
and to the inner gimbal shafts and is in parallel to
an advancing direction of the vehicle body.

3. The self-supporting vehicle according to claim 1 or
2, wherein when a state in which the vehicle body
is inclined remains due to a deviated load generated
in the vehicle body and/or due to a mechanical loss
generated in the vehicle body attitude control unit,
in order to eliminate this inclination state of the ve-
hicle body, a balance weight provided on the cen-
troidal line of the vehicle body is moved to an ap-
propriate position of the vehicle body.

4. The self-supporting vehicle according to any one of
claims 1 to 3, further comprising:

a rotation number-detecting sensor that detects
the number of rotations of the rotor;
a comparing/judging means for comparing and
judging the number of rotations detected by the
rotation number-detecting sensor with a prede-
termined number of rotations with each other;
and
an auxiliary wheel advancing/retracting unit for
retracting auxiliary wheels disposed in the ve-
hicle body into the vehicle body and for advanc-
ing the auxiliary wheels out from the vehicle
body in accordance with a judgment result of
the comparing/judging means.
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